
 

                

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a coronavirus that causes the infectious respiratory disease known as
COVID-19.

Magnitude of Teratogenic Risk to Child Born After Exposure
During Gestation: 

 UNLIKELY

Quality and Quantity of Data on Which Risk Estimate is Based:  FAIR

Comments:   1) INFECTION WITH SARS-CoV-2 DURING THE FIRST TRIMESTER OF PREGNANCY IS UNLIKELY TO POSE A
SUBSTANTIAL TERATOGENIC RISK, BUT THE DATA ARE INSUFFICIENT TO STATE THAT THERE IS NO RISK.

2) TRANSPLACENTAL TRANSMISSION OF SARS-CoV-2 HAS BEEN DEMONSTRATED BUT APPEARS TO BE RARE
(SEE BELOW).

3) SYMPTOMATIC COVID-19 DISEASE IN INFANTS WITH DOCUMENTED SARS-CoV-2 TRANSPLACENTAL
INFECTION APPEARS TO BE INFREQUENT.

4) NEONATAL ILLNESS, AND PERINATAL DEATH WERE UNUSUALLY FREQUENT IN SOME STUDIES OF INFANTS
OF WOMEN WITH COVID-19 OR SARS-CoV-2 INFECTION (SEE BELOW).

5) THE RISK OF PREMATURE DELIVERY APPEARS TO BE ELEVATED IN PREGNANT WOMEN WITH SARS-CoV-2
INFECTION, ESPECIALLY IF THEY HAVE COVID-19, BUT IT IS NOT CLEAR WHETHER THIS IS A RESULT OF THE
INFECTION OR OF MEDICAL MANAGEMENT OF THE MOTHER’S PREGNANCY AND ILLNESS (SEE BELOW).

Summary of Teratology Studies:

MAJOR CONGENITAL ANOMALIES

The frequency of major congenital anomalies among 92 infants born to women who tested positive for SARS-CoV-2 in the first trimester was not
significantly different from that reported by 292 mothers with negative SARS-CoV-2 tests during pregnancy in a cohort study that required women
to self-enroll and report on their exposure and outcome (relative risk=1.2, 95% confidence interval 0.3-4.2) (Hernandez-Diaz et al., 2022). No
specific pattern of malformations was observed in this study. No difference was noted between the incidence of congenital malformations among
infants of mothers who tested positive for SARS-CoV-2 in the first trimester of pregnancy (1/16) compared to that of infants in mothers who tested
negative for COVID-19 (7/105) in another prospective cohort study (Cosma et al., 2022). The rates of fetal malformations and abnormal fetal
growth were similar on second-trimester ultrasound scans among 80 pregnant women who tested positive for SARS-CoV-2 in the first trimester
and 460 pregnant women who tested negative in a Spanish population-based prospective cohort study (Crovetto et al., 2021).

In a longitudinal surveillance study of pregnant women and their infants, 88 (2.8%) of 3119 liveborn infants of women with SARS-CoV-2 infection
during the first trimester of pregnancy had a major congenital anomaly (Neelam et al., 2022). Among the individual birth defects where there were
more than three cases, none were reported at a prevalence that was greater than what is expected in the general population. Congenital
anomalies were reported in 119 (1.5%) of 8154 infants born to mothers with SARS-CoV-2 infection during pregnancy in the PAN-COVID United
Kingdom pregnancy registry, which is comparable to the background population rate of 2.1% (Mullins et al., 2022).

Major fetal anomalies were found on serial ultrasound scans in two of 38 pregnant women hospitalized for SARS-CoV-2 infection in the first or
second trimester of pregnancy. Anhydramnios and small echogenic kidneys were seen in one case and a unilateral fetal cataract in the other
(Rosen et al., 2021). Both pregnancies were electively terminated, and fetal blood sampling was negative for SARS-CoV-2 in both cases. In the
same study, six fetal brain MRI scans performed at 32- to 36-weeks gestation showed no evidence of abnormalities. A case report of VACTERL
association was found on a routine ultrasound scan of a pregnant woman who had a SARS-CoV-2 infection around the fifth week of gestation
with mild COVID-19 symptoms (Chimenea et al., 2022).

VERTICAL TRANSMISSION
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In a systematic review of cohort studies that included a total of 14,518 neonates born to mothers with SARS-CoV-2 infection, the overall rate of
SARS-CoV-2 positivity was 1.9% (95% confidence interval 1.3-2.66) using either reverse transcriptase polymerase chain reaction (RT-PCR)
and/or SARS-CoV-2 IgM antibody, but the vertical transmission rate was less than 1% when limited to babies with antenatal or intrapartum
exposure (Allotey et al., 2022).

Vertical transmission has been documented in all three trimesters of pregnancy. SARS-CoV-2 infection of the placenta and fetal tissues has been
demonstrated with first-trimester maternal illness in association with fetal demise (Rana et al., 2021; Shende et al., 2021; Valdespino-Vazquez et
al., 2021) suggesting the possibility that the infection caused the death of the embryo or fetus. Case reports have also described infants with
evidence of third trimester transplacental SARS-CoV-2 infection and neurological dysfunction or pneumonia (Alzamora et al., 2020; Facchetti et
al., 2020; Govind et al., 2020; Vivanti et al., 2020). Whether these were neonatal manifestations of COVID-19 is uncertain. One study suggested a
sex-biased placental immune response to the COVID-19 virus, whereby maternal SARS-CoV-2 antibody titers were lower and antibody transfer
was impaired in male fetuses compared to females (Bordt et al., 2021).

SPONTANEOUS ABORTION AND FETAL OR PERINATAL DEATH

Spontaneous abortion occurred in six (19%) of 31 women with COVID-19 in a multinational retrospective clinical series (WAPM Working Group
on COVID-19, 2021) and in 15 (28.8%) of 52 women infected with SARS-CoV-2 in the first trimester in a small retrospective cohort study in
Turkey (Kiremitli et al., 2022). However, in larger studies, no increased risk of pregnancy loss was reported among a total of 159 pregnant women
who tested positive for SARS-CoV-2 in the first trimester compared to 1774 women who tested negative in two prospective cohort studies from
Denmark and Spain (Crovetto et al., 2021; la Cour Freiesleben et al., 2021). No significant increase in the rate of self-reported spontaneous
abortion was reported among 77 women with presumed COVID-19 infection in the first trimester compared to 2669 who were not infected in a
nationwide prospective cohort study in the United Kingdom (Balachandren et al., 2022). No significant difference in the cumulative incidence of
COVID-19 was reported among 100 women who had a spontaneous abortion compared to 125 women who had ongoing pregnancies in a case-
control study (Cosma et al., 2021). The incidence of spontaneous abortion was similar among 478 infected women with COVID-19 in the first
trimester and a matched uninfected group in an Israeli retrospective cohort study (Fallach et al., 2022). No increased rates of spontaneous
abortion were found among pregnant women infected with SARS-CoV-2 during early pregnancy in two other smaller prospective studies in the
United States and Spain (Jacoby et al., 2021; Gonzalez Rodriguez et al., 2022).

A two-fold increase in risk of stillbirth was reported among 3527 women with SARS-CoV-2 infection in pregnancy compared to unaffected women
(adjusted odds ratio=2.21, 95% confidence interval 1.58-3.11) in a population-based cohort study in England (Gurol-Urganci et al., 2021). A
systematic review and meta-analysis of earlier studies found a 4% (95% confidence interval 1.5-10.0%) rate of stillbirth among 989 deliveries to
pregnant women with confirmed SARS-CoV-2 infection (Jafari et al., 2021). The rate of neonatal death among 2152 infants of women with SARS-
CoV-2 infection during pregnancy in this study was 2.5% (95% confidence interval 1.5-6.0%). In a large COVID-19 pregnancy registry from the
United Kingdom, the frequency of stillbirth was higher among 2686 participants delivering within two weeks of the infection compared to 4598
women delivering more than two weeks after COVID-19 infection (0.8% vs 0.2% (95% confidence interval 0.3-1.0) (Mullins et al., 2022). Several
subsequent studies demonstrated severe placentitis with persistent histiocytic intervillosities and elevated fibrin deposition in a total of 76
stillbirths who tested positive for SARS-CoV-2 (Fitzgerald et al., 2022; Schwarts et al., 2022; Shook et al., 2022).

No significant association of maternal COVID-19 diagnosis and stillbirth was observed in a United States medical record study of 6380 women
with ICD-10 or billing codes for COVID-19 among 406,446 women hospitalized for childbirth when the analysis was adjusted for age,
race/ethnicity, geographic region, and 12 other covariates (odds ratio=1.23, 95% confidence interval 0.87-1.75) (Jering et al., 2021). In a
Canadian observational surveillance study, the rate of stillbirth (0.61%) among 5743 pregnant women with SARS-CoV-2 infection was even lower
than among unaffected pregnancies (0.83%) (relative risk=0.73, 95% confidence interval 0.50-0.99) (McClymont et al., 2022). The rate of
neonatal mortality was not different among 2323 infants delivered to women who tested positive for SARS-CoV-2 in pregnancy compared to
infants who were born to non-SARS-CoV-2 positive mothers in a nationwide prospective cohort study from Sweden (Norman et al., 2021). In an
Israeli observational cohort study, no difference in the incidence of intrauterine fetal death was found between 943 COVID-19 infected women in
the second trimester or 1332 infected women in the third trimester and their matched controlled uninfected groups (Fallach et al., 2022).

PREMATURE DELIVERY AND NEONATAL ILLNESS

Premature delivery and its associated morbidity are unusually frequent among infants whose mothers had COVID-19 or SARS-CoV-2 infections
during pregnancy. In a large population-based birth cohort study in California, COVID-19 diagnosis among 8957 pregnant women was associated
with a 40% increased risk of preterm birth (relative risk=1.4, 95% confidence interval 1.3-1.4) and a 60% increased risk of very preterm birth (less
than 32 weeks) (relative risk=1.6, 95% confidence interval 1.4-1.9), with no effect modification reported for the overall association by
race/ethnicity or insurance status (Karasek et al., 2021). A systematic review of case-control studies completed by January 2021 found increased
risks for preterm birth (summary odds ratio=1.82, 95% confidence interval 1.38-2.39) and admission to the neonatal intensive care unit (summary
odds ratio=3.69, 95% confidence interval 1.39-9.82) among infants whose mothers had COVID-19 or SARS-CoV-2 infections during pregnancy
(Wei et al., 2021). Similar findings indicating an increased risk for preterm birth were shown in a subsequent Canadian cohort study of 5746
pregnant women with SARS-CoV-2 (relative risk=1.63, 95% confidence interval 1.52-1.76) (McClymont et al., 2022), and a United States cohort
of 18,715 pregnant women with COVID-19 who were more likely to deliver preterm than unaffected pregnant women (16.4% vs. 11.5%; p<0.001)
(Chinn et al., 2021).

In a large-scale multinational cohort study, infants born to 706 women with COVID-19 had a significantly higher severe neonatal morbidity index
(relative risk=2.66, 95% confidence interval 1.69-4.18) and severe perinatal morbidity and mortality index (relative risk=2.14, 95% confidence
interval 1.66-2.75) compared with newborns of 1424 women with broadly similar demographic characteristics and without COVID-19 diagnosis
(Villar et al., 2021). Similar findings were reported in other smaller cohort studies (Harel et al., 2022).

The risks of prematurity and other neonatal adverse outcomes also appeared to be greater for the infants of women with severe COVID-19 in
comparison to those who had mild COVID-19 or asymptomatic SARS-CoV-2 infection in several other epidemiological studies and meta-analyses
(Katz et al., 2021; Lai et al., 2021; Metz et al., 2021; Vousden et al., 2021; Wei et al., 2021; Harel et al., 2022). In an earlier systematic review and
meta-analysis of published studies, the pooled frequencies of preterm birth (21%, 95% confidence interval 12-34%), low birth weight (25%, 95%
confidence interval 16-37%), and neonatal intensive care unit admission (17%, 95% confidence interval 11-25%) appeared to be unusually high
(Jafari et al., 2021). It is not clear if these problems reflect a direct effect of maternal or infant SARS-CoV-2 infections, of their treatment, or of
altered obstetrical management of the pregnancies of women with such infections. The high rate of operative delivery in the pregnancies of
women with SARS-CoV-2 infections (Di Toro et al., 2021; Jafari et al., 2021) suggests that altered obstetrical management is at least a
contributing factor.



FETAL GROWTH

No significant differences in head circumference, abdominal circumference, femur length, or estimated fetal weight were observed between 49
SARS-CoV-2 positive pregnancies and 98 pregnancies of uninfected women at either the second or third trimester ultrasound scans in a
prospective case-control study (Rizzo et al., 2021). In the same study, no differences were noted in maternal and fetal Doppler findings between
the two study groups.

EARLY CHILDHOOD DEVELOPMENT

In a prospective cohort study conducted in the United States, the frequency of adverse developmental outcomes at six months of age among
infants of 114 mothers exposed to SARS-CoV-2 infection in pregnancy was not significantly different from that observed in unexposed
pregnancies, regardless of timing or severity of infection (Shuffrey et al., 2022). An association of receiving a neurodevelopmental diagnosis at 12
months of age was reported among 222 children of mothers who tested positive for SARS-CoV-2 during pregnancy following adjustments for
several factors including preterm delivery (adjusted odds ratio=1.86, 95% confidence interval 1.03-3.36) (Edlow et al., 2022). Maternal third
trimester infection seemed to carry the highest risk in this retrospective cohort study. In contrast, the risk of social-emotional or overall
developmental delay at three months of age among the infants of 57 women who contracted a SARS-CoV-2 infection during late pregnancy was
not significantly increased compared to the infants of 78 women in the non-infection cohort in a prospective cohort study from China (Wu et al.,
2021).

No adverse effects were found on early physical growth, hearing and neurological development among 199 infants born to mothers with SARS-
CoV-2 infection in pregnancy or at delivery in a prospective longitudinal study (Buonsenso et al., 2022). In the same study, however, preliminary
findings among three of 21 infants who underwent ophthalmological follow up assessment, showed certain retinal abnormalities, including
bilateral choroidal perfusion anomalies, capillary obliteration, and bilateral vascular tortuosity. In an earlier Brazilian case-series, no ocular
abnormalities were reported among 165 newborns of mothers with SARS-CoV-2 infection in pregnancy (Kiappe et al., 2021).

ANIMAL TERATOLOGY STUDIES

Studies of neonatal outcomes in the offspring of pregnant animals infected with SARS-CoV-2 have not been published in the peer-reviewed
literature.
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COVID-19 PREGNANCY STUDY
A pregnancy study has been established for women infected with, or exposed to, the SARS-CoV-2 coronavirus (which causes COVID-19) during
pregnancy. All study research will be performed via phone.

Healthcare providers are encouraged to enroll such patients in the MotherToBaby Pregnancy Study by calling 877-311-8972
(https://mothertobaby.org/join-a-study-form/).

 

  


